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® Adhesive active finish for reinforcing members and related methods. 



® Adiiesive active finish compositions for syntlietic reinforcing members to bond the latter to vulcanizable 
rubber and reinforcing members for vulcanizable rubber. The adhesive composition comprises a water soluble 
epoxy compound and a curative having an active hydrogen. The stoichiometric ratio of the epoxy to the curative 
ranges from about 1:1.2 to 1:0.0003. A method of reinforcing articles of vulcanizable rubber with fibrous 
members includes the steps of applying to the fibrous member a first coating of the adhesive active finish; 
applying a second coating comprising resorcinol, formaldehyde and a rubber latex over the first coating; 
embedding the cOated fibrous member in the vulcanizable rubber and, vulcanizing the rubber. 
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ADHESIVE ACTIVE FINISH FOR REINFORCING MEMBERS AND RELATED METHODS 



TECHNICAL FIELD 

The present invention is directed toward improving the adhesion and adhesion retention between a 
5 rubber composition, used in the manufacture of tires, conveyor belts, hoses and the lil<e, and synthetic fiber 
reinforcement cord, such as polyester, which is embedded in the rubber stock. Flat sheets of such stocks, 
reinforced with fibers, are utilized as plies or other components of the article and are referred to in the art 
as rubber skim stocks. Skim refers to a relatively thin layer or coating of the rubber over the reinforcement 
filaments or cords. 

70 In order to obtain the improved adhesion, a novel adhesive active finish has been developed which is 
applied to the fiber cord reinforcement as a coating prior to its incorporation into the rubber stock. The * 
coated fiber cord adheres better to the rubber. A method for treating a fiber cord reinforcement is aiso set | 
forth. 

15 

BACKGROUND ART 

In order to promote adhesion between rubber compositions and synthetic fiber reinforcement, it is 
known to add various compounds to the rubber and to employ one or more coatings of materials to the 

20 fiber which will allow the fiber to become more firmly bonded to the rubber. Present technology has 
provided various combinations of coatings and additives which may be utilized together to form the article. 
In such instances, the fiber coating should be capable of bonding to one or more components or active 
groups present in the rubber stock, particulariy the adhesion promoting additives. As noted hereinabove, the 
present invention is directed toward adhesive active coatings and thus, additives to the rubber stock do not 

25 constitute an element of the invention. 

Adhesives that are employed in the tire and rubber industries are crosslinked polymeric three 
dimensional networks. They are used to join two other polymers, Le., a reinforcing fabric such as cotton, 
rayon, nylon, polyester or aramid and an elastomer or blend of elastomers. The elastomers are suitably 
compounded such that the final cured reinforced rubber product will provide an acceptable level of 

30 performance. 

The principal reinforcements used in rubber products are rayon, nylon, or polyester, alone or in 
combination with fiberglass, steeicord or aramid. Polyester is presently displacing nylon, cotton and rayon 
In belt and hose products and is therefore a good candidate for adhesive active coatings. Since 1935. dip 
systems comprising resorcinoMormaldehyde and rubber latex, or RFL. have been the systems of choice for 
35 many reinforced rubber products, with the first commercial application, being used in combination with rayon 
tirecord. 

RFL dip systems can be used on polyester but in order to achieve acceptable total performance, 
modifications are necessary. One such modification is taught by U.S. Pat. No. 3,318,750, which provides an 
adhesive composition to dip coat fibrous materials for reinforcing vulcanizable rubber. The composition 

40 comprises 5 to 50 parts by weight of an aqueous solution and 50 to 95 parts by weight of a rubber latex. » 
The aqueous solution contains 5 to 60 percent by weight of a reaction product of formaldehyde and ^ 
acetaldehyde with a composition derived from tiie reaction of triallyl cyanurate and a polyhydric alcohol. 
The method taught is practiced by applying a finish of aldehyde, unsaturated aliphatic ester of cyanuric acid ^ 
and a polyhydric alcohol and then a finish of a rubbery latex-resorcinol-formaldehyde dispersion. 

45 This technology was also published in a paper entitied "New Polyester Dip System Results in Improved 
Adhesion and Processing Costs Reduction" presented to the Division of Rubber Chemistry. ACS. 119th 
Meeting, Paper No. 23 (1981). It describes a water soluble complex reaction product, called N-3, which 
contains the cyanurate component set fortii in U.S. Pat. No. 3,318.750. Usefulness of the product is 
attributable to the fact tiiat it provides better adhesion between polyester and rubber than an RFL coating 

so alone. Also it can be used directiy with the RFL composition, for a one dip process or, tiie RFL can be 
applied tiiereover in a two dip process. 

Another approach has been the coating of polyester fibers with epoxy compounds which may also 
receive an RFL dip. Adhesion between tiie cured rubber and the reinforcing cord is tiiereby improved. 

U.S. Pat. No. 4,446,307 provides a stable adhesive composition based upon a polyfunctional epoxide 
and a catalyst selected from tiie group consisting of tertiary amines, quaternary ammonium salts. 
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quaternary phosphonium salts and triphenylphosphine. An aqueous solution of the adhesive is applied to 
the reinforcing filament which is subsequently incorporated into a rubber compound. 

U.S. Pat. No. 4.477.497 provides a method of manufacturing polyester fibers having good adhesion to 
rubber which involves applying an adhesive finish composition to the fiber and then heat treating. The finish 
5 comprises a lubricant an epoxy compound and a novolak resin. 

U.S. Pat. No. 4.536.526 also provides a method as well as a finish composition. The latter comprises a 
lubricant, at least 80 weight percent of which is an ester of thiodicarboxylic acid: an epoxy resin and a 
surfactant. The method calls for the application of the finish to the polyester fiber followed by heat 
treatment. 

10 Such systems may not have provided satisfactory hydrolytic stability. Also, the use of a high heat 
treatment step to cure the epoxy coating can be deleterious to the heat stabilized reinforcing cord. 



DISCLOSURE OF THE INVENTION 

75 

The present invention provides an adhesive active finish composition solution for synthetic reinforcing 
members to bond the latter to vuicanizable rubber which comprises a water soluble epoxy compound and a 
curative having an active hydrogen wherein the stoichiometric ratio of the epoxy to the curative ranges from 
about 1:1.2 to 1:0.0003. 

20 A reinforcing member for vuicanizable rubber is also provided which includes a plurality of strands of 
synthetic fiber and a coating comprising a water soluble epoxy compound and a curative having an active 
hydrogen wherein the stoichiometric ratio of the epoxy to the curative ranges from about 1:1.2 to 1:0.0003. 

A method of producing fibrous members having improved adhesion to vuicanizable rubber Is also 
provided which comprises the steps of applying to the fibrous member a coating comprising a water soluble 

25 epoxy compound and a curative having an active hydrogen wherein the stoichiometric ratio of the epoxy to 
the curative ranges from about 1:1.2 to 1:0.0003. 

A method of reinforcing articles of vuicanizable rubber with fibrous yam is also provided which includes 
the steps of applying the adhesive active finish of the present invention to the fibrous yam, applying a 
second coating comprising resorcinol. fonnaldehyde and a rubber latex over the first coating, embedding 

30 the coated fibrous member in the vuicanizable rubber and vulcanizing the rubber. 

Unlike coating technology employed heretofore, the epoxy employed does notrequire heat for cure and 
therefore properties imparted to the synthetic reinforcing member by heat are not affected. Also, by use of 
the adhesive active finish of the present invention, the second, RFL coating can be applied at much lower 
temperatures and still develop adhesion to the previously coated reinforcing member. Again, the lower 

35 temperature avoids damage to the heat stabilized member and also reflects an energy savings. 



PREFERRED MODE FOR CARRYING OUT THE INVENTION 

Synthetic reinforcing filaments or yarn utilized in mbber articles include such polymers as rayon, the 
nylons, the aramids. polyester and the like. The adhesive active finish composition of the present invention 
has been found to be highly suitable with polyester yarn with which the invention has been exemplified 
herein. Nevertheless, it may also have utility with other reinforcing yam such as the aramids and therefore, 
its use as a finish coating should not be limited to polyesters, per se. 

The adhesive composition comprises a mixture of a water soluble epoxy compound and a curative 
having an active hydrogen. Typical of such curatives are amines, carboxylates, mercaptans, trial- 
kalonamines and related compounds which can release hydrogen atoms to cure the epoxy. Trial- 
kaionamines having from one to about 15 carbon atoms are prefen-ed. particularly tiiethanolamine. 
exemplified hereinbelow. 

The water soluble epoxy compounds can be exemplified by triglycidyl glycerol. Analysis of the 
compound reveals the following supposed chemical structures: 
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CH«-0-CH^-CH-CH« CH^-O-CH^-CH-CH^ 
2 2^/2 .2 2 \ / 2 



CH-OH CH-O-CH^-CH-CH^ 

2 \ / 2 



2 2\/2 2 2\^/2 



CH«-0-CH^-CH-CH^ CH^-O-CH^-CH-CH^ 
»5 |2 2\/2 .2 2 \/2 



I 0' 



CH-OH CH2-0-CH2-CH-CH2 



CH«-0-CH^-CH-0-CH^-CH-CHo CHo-O-CH^-CH-O-CHo-CH-CH^ 
2 2 | 2\/2 2 2| 2^/2 

CHj-Cl 0 CH^-Cl 0 

The epoxy is a mixture of these structures and the gram equivalent weight can range from about 87 to over 
145 such as up to about 150 depending upon the manufacturing process and chlorine content. Generally, a 
suitable weight is 141. 

Based upon the gram equivalent weight of the epoxy compound, the stoichiometric amount of curative 
necessary can be calculated according to the following equation: 

H.W, (curative) x 100 

Grains of curative 



g-eg (epoxy) x functionality of curative 



For triethanolamine as the curative, the stoichiometric amount according to the equation is about 35.2 
grams per hundred grams of epoxy having an equivalent weight of 141. Actually the epoxy can be cured 
satisfactorily with considerably less than the stoichiometric amount as well as an amount greater. For the 
present invention, the stoichiometric ratio of epoxy to curative ranges between from about 1:0.003 to 1:1.2. 

^ Thus, if any other water soluble epoxy compound is selected, knowledge of its equivalent weight will enable 
one to calculate the stoichiometric amount of curative which, in turn, can also be varied by substituting the 
molecular weight and functionality thereof into the previous equation. In any instance, the gram amount 
calculated can be varied within the foregoing stoichiometric range. t 
For triglycidyl glycerol and triethanolamine the amounts can also be expressed as 100 grams of epoxy 

^ to 35.2 grams of curative or 35.2 parts curative per 100 parts of epoxy (phe) stoichiometric. More broadly * 
the range is from about 0.1 parts to 42 parts by weight of the curative per hundred parts of epoxy. 

The epoxy and curative can be combined and applied neat to the yarn to provide a surface coating of 
from about 0.05 to 3 weight percent and preferably from about 0.1 to 1 weight percent. The mixtures of the 
two components can also be prepared in aqueous media or organic media using ketones, chlorinated 

5^ solvents and the like in order to reduce the viscosity of the mixtures. The resulting solution contains from 
about 0.5 to 95 percent solids by weight 

In the manufacture of synthetic reinforcing materials, the individual fiber is first formed. A large number 
of fibers are gathered together to form the yarn which is untwisted. Subsequently, a desired number of yarn 
plies, e.g.. 3 are twisted together to form the cord. The adhesive active finish composition can be applied 
by any suitable apparatus that essentially coats the yarn with the finish. If a solvent is present the yarn 
must be allowed to dry. Drying can be conducted at elevated temperatures so long as these remain below 
the temperature at which heat stabilized properties would suffer. The yarn can also be subjected to an 
optional heating step before the finish is applied in order to remove any possible moisture. Heating should 
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also not be high enough to cause any loss of properties of the yarn. 

It is also possible to apply the adhesive active finish composition to the cord. However, for ease of 
discussion, reference shall continue to be made throughout the specification to yarn with the understanding 
that cord is also contemplated. Generally, the two can be identified as the synthetic reinforcing member. 
5 The yarn, treated with the adhesive finish composition, can be stored for long periods of time until it is 
ready to be incorporated or embedded into a rubber composition. Such incorporation Is commonly 
facilitated with calendering apparatus which again, does not limit the present invention. 

When the yarn is ready for incorporation, it is given a second coating this one being a known RFL dip 
material. Such materials, as previously noted are well known In the art and comprise basically resorcinol, 
10 formaldehyde and a rubber latex such as styrene-butadiene rubber, SBR. Inasmuch as these dip coating 
• compounds are common, the particular components and amounts thereof are not necessarily critical to the 
practice of the method of the present invention which generally provides that a second coating of this 
general composition be applied before the yarn becomes embedded in the vulcanizable rubber. 
\ As to the vulcanizable rubber that can be reinforced with the yarn product of the present invention. 

15 natural rubber may be employed in either a pure or blended state with synthetic rubbers such as styrene- 
butadiene. butyl, ethylene-propylene-diene, halobutyls. synthetic isoprene or other synthetic rubbers. 
Further, pure forms of synthetic rubbers such as those disclosed may be used either alone or blended with 
other synthetic rubbers. 

To demonstrate practice of the present invention, an adhesive active finish was prepared, as described 
20 hereinbelow. to coat strands of polyester fiber cord. 



Preparation of Adhesive Active Finish 



25 A solution comprising 400 ml of a 2% by weight triglycidyl glycerol (100 g) in 4900 g methylethyl 
ketone was prepared at room temperature with stirring. Next triethanolamine was added at a level of 11.8% 
by weight (13.34 g) based on the weight of glycerol. The resulting solution A, was clear and stable. A 
second solution comprising 2% by weight triglycidyl glycerol in toluene was also prepared to serve as a 
control. 

30 The two solutions. A and the Control, were used to coat two 300 foot (91 M) lengths of 3 ply polyester 
cord. Examples 1 and 2. respectively. Physical properties of the cord included 1000 denier per ply and 10.4 
X 10.4 twist. To do so. a bench-top apparatus was set up providing a feed roller, take-up roller, oven, an 
immersion bath containing the appropriate solution. The oven was used optionally to pre-dry the cord 
surface of possible moisture prior to immersion and optionally to post-heat the coated cord following 

35 immersion to evaporate the solvent and initiate cure in Example No. 1. Of course, where the coated yarn is 
not to be used immediately, the post-heat step would not be necessary. Operating speed was approxi- 
mately 20 feet/min (6.1 M/min) with a total tension on the cord of about 1000 g. Conditions are presented in 
greater detail in Table I. 



Cord Coating Conditions 

Dwell Time 



Pre-dry oven 120 3-4 

Immersion bath 25 l 

Post-heat oven 125, 175, 225 6-8 
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The cord samples containing Solution A and the Control were both subsequently coated with resorcinol- 
formaldehyde-latex (RFL) dip containing a dispersion of carbon black. A three zone Litzler treating unit was 
employed and treating conditions are presented in Table II. 
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RFL Coatino Conditions 

5 

Temperature 
Profile A 

T ^i Pe . ( seg) gtcetcb {%) 

Zone 1 25-40 90 1 . 

Zone 2 149 90 1 > 

Zone 3 204. 90 1 

The dip treated cord samples were then embedded in a vulcanizable rubber compound, Stock R, in a 
configuration for evaluation by standard U-adhesion testing, which measured the force required to pull the 
sample from a section of the vulcanized rubber. Composition of Stock R is presented hereinbelow with all 
parts given on the basis of parts per hundred parts of rubber (phr) by weight 

CPiPppunding Ingredients StQgk R 

50 
50 
75 

18,1 
12 
3 

2.3 
1.9 
1 

40 The U-adhesion test was conducted according to the procedures set forth in ASTM D2138. Vol. 09.01. 

The results of adhesion testing have been presented in Table III. The force necessary to pull or remove 
the cord reinforcement from the vulcanized mbber skim stock is given first, in kg. followed by the percent of ^ 
rubber skim stock remaining on the surface of the cord reinforcement The amount of rubber skim stock ^ 
remaining on the cord reinforcement was determined by visual examination and has been reported as % 

45 rubber coverage. The amount of adhesive active finish on the cord was determined by titration of unreacted * 
epoxy and is reported under the column heading "Reactive Epoxy Measured on Cord". The effect of the 
optional post heat step was seen to be negligible in the case of the catalyzed composition. A second 
control, Example No. 3, was also subjected to testing which consisted of the same type of polyester cord 
carrying only the RFL dip coat. 

50 



Natural Rubber 
SBR 

Carbon Black 
Resin 

Processing oil 
Zinc oxide 
Sulfur 
Accelerator 
Stearic acid 
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TABLE III 
D-Adheslon Results 

5 



10 



Post-Heat 



Reactive 
Measured on Coid 
wt % 



U-Adhesion 
—53 



Rubber 



1 

IS 


. Exanple 


25 


.17 


18.2 


80-90 


» 


No. 1 


125 


.13 


19.2 


80-90 






175 


.17 


18.1 


90-95 


20 




225 


.16 


18.6 


90-95 




Example 


25 


.26 


16.2 


60-80 




No; 2 


175 


.32 


16,7 


60-80 


25 


(Bpox/ alone) 
Exanple 


225 


.27 


18.1 
14.3 


80-90 
10-30 


30 


No. 3 











35 



40 



45 



SO 



(REL alone) 

From the results reported in Table III, it can be readily seen that the dip coated cord according to the 
present invention showed greater adhesion to the rubber as evidenced by the greater force necessary to 
pull the cord from the rubber and by the greater amount of rubber remaining on the cord. 

The rubber coverage measurement is deemed to be significant in that it visually represents the 
increased adhesion of the rubber composition to the reinforcing cord. As is well known to those skilled In 
the art, the amount of rubber remaining on the cord after it has been pulled from a cured rubber pad 
represents the relationship of the adhesive force attaching the rubber composition to the surface of the cord 
and the tensile strength of the rubber composition itself. Large percentages of rubber coverage indicate that 
the adhesion to the cord exceeds the cohesive strength of the rubber composition itself. Therefore, when 
the rubber coverage Is very high it can be concluded that the cord to rubber adhesion is greater than the 
force measured to pull the cord out of the rubber pad since the force measured was a result of the rubber 
composition oipturing and not the breakage of chemical bonds formed at the cord rubber interface. 

A second series of cord samples were prepared using the same three ply polyester cord described 
hereinabove. For Example No. 4, triglycidyl glycerol and approximately 10% triethanolamine was applied 
neat. The finish on the cord provided 0.94% of the epoxy and 0.09% of triethanolamine. Example No. 5 
consisted of the epoxy alone and provided a finish of 0.86% on the cord. Both cords received a subsequent 
RFL dip prior to being embedded in rubber. Example No. 8 consisted of the RFL dip alone as a Control. For 
the U-adhesion testing, each cord was then embedded in Stock R and cured as before. Heat treatment for 
the RFL application was varied and has been provided in Table IV. The cords were also subjected to Peel 
adhesion testing according to ASTM D2380 Vol. 09.01 on one inch (2.5 cm) wide samples employing a 
rubber composition similar to Stock R. U-adhesion testing was also employed and the results from both 
tests have been provided in Table V. 
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TABLE IV 

5 RFL Coating Conditions 

Temperature 
Prof iilg p 

Zone 1 121 
Zone 2 135 
Zone 3 182 

Peel Adhesion and Adhesion 




20 



30 



Peel Adhesion U-Adhesion U-Adhesion 
Profile B Profile B Profile C 
Ka KS Kg 



25 Example No. 4 27.5 15.0 14.2 
(Adhesive finish) 

Example No. 5 22.2 13.9 13.0 

(Epoxy* alone.) 

Example No. 6 12.3 9.0 12.1 
(RFL alone) 



35 

In each instance the finish composition of the present invention. Example No. 4, provided the greatest 
adhesion. The effect of Increasing temperature was not overly significant except to note that the RFL dip 
treatment (Example No. 6) benefitted. 

Based upon the foregoing results, it should be evident that the adhesive active finish of the present 
40 Invention improves adhesion between vulcanizable njbber and polyester yarn. Moreover, the coated yarn 
has been demonstrated to have improved utility when used in the method of reinforcing rubber articles. 

it is to be understood that the foregoing examples have been provided to enable those skilled in the art x 
to have representative examples by which to evaluate the invention and that these examples should not be ^ 
construed as any limitation on the scope of this invention, inasmuch as the composition of the adhesive 
45 iactive finish employed in the present invention can be varied within the scope of the total specification, ^ 
neither the particular components nor the relative amounts of the components exemplified herein shall be 
construed as limitations of the invention. Similarly, the present invention should not be limited to the 
treatment of polyester cord nor to any specific RFL coating layer in the method for reinforcing vulcanizable 
rubber articles. 

50 In conclusion, it is to be understood that alt methods, compounds and synthetic fibers disclosed herein 
fall within the scope of the claimed invention. As will be apparent to those skilled in the art, the formulation 
of the adhesive active composition can be varied within the scope of the total specification disclosure by 
selection of various water soluble epoxies and trialkanolamine curatives as well as the amounts thereof, and 
it is believed that practice of the present invention can be determined without departing from the spirit of 

55 the invention herein disclosed and described, the scope of the invention being limited solely by the scope 
of the attached claims. 
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Claims 



1 . An adhesive active finish composition solution for synthetic reinforcing members to bond the latter to 
vulcanizable rubber comprising: 

5 a water soluble epoxy compound and 

a curative having an active hydrogen wherein the stoichiometric ratio of said epoxy to said curative 
ranges from about 1:1.2 to 1:0,0003. 

2. An adhesive active finish composition, as set forth in claim 1, wherein said water soluble epoxy 
compound has an equivalent weight ranging from about 87 to about 150. 

w 3. An adhesive active finish composition, as set forth in claim 2. wherein said water soluble epoxy . 
compound is triglycidyi glycerol. 

4. An adhesive active finish composition, as set forth in claim 1, wherein said curative is selected from 
^ the group consisting of trialkanolamines having from 3 to about 15 carbon atoms. 

J 5. An adhesive active finish composition, as set forth in claim 4, wherein said trialkanolamine is 

15 triethanolamine. 

% 6. An adhesive active finish composition, as set forth in claim 1. further comprising a solvent for said 

epoxy and said curative. 

7. A synthetic reinforcing yarn product for vulcanizable rubber comprising: 
a plurality of strands of synthetic fiber; 

20 a coating comprising 

a water soluble epoxy compound and 
a curative having an active hydrogen wherein the stoichiometric ratio of said epoxy to said curative 
ranges from about 1:1.2 to 1:0.0003. 

8. A synthetic reinforcing member, as set forth in claim 7, wherein said water soluble epoxy compound 
25 has an equivalent weight ranging from about 87 to about 150. 

9. A synthetic reinforcing member, as set forth in claim 8. wherein said water soluble epoxy compound 
is triglycidyi glycerol. 

10. A synthetic reinforcing member, as set forth in claim 7. wherein said curative is selected from the 
group consisting of trialkanolamines having from 3 to about 15 carbon atoms. 

30 11. A synthetic reinforcing member, as set forth in claim 10, wherein said trialkanolamine is 
triethanolamine. 

12. A synthetic reinforcing member, as set forth in claim 7. wherein said synthetic fiber is polyester, 

13. A synthetic reinforcing member, as set forth in claim 12. wherein said water soluble epoxy 
compound is triglycidyi glycerol and said curative Is triethanolamine. 

3S 14. A synthetic reinforcing member, as set forth in claim 13, wherein said coating comprises from about 
0.05 to about 3 percent by weight. 

15. A synthetic reinforcing member, as set forth in claim 7, wherein said coating comprises from about 
0.05 to about 3 percent by weight. 

16. A method of reinforcing articles of vulcanizable rubber with fibrous members comprising the steps 

40 of: 

applying to the fibrous member a first coating comprising 
J a water soluble epoxy compound and 

a curative having an active hydrogen wherein the stoichiometric ratio of said epoxy to said curative 
' ranges from about 1 :1 .2 to 1 :0.0003; 

I 45 applying a second coating comprising resorcinol, formaldehyde and rubber latex over said first coating; 
embedding said coated fibrous member in the vulcanizable rubber; and 
vulcanizing the rubber. 

17. A method, as set forth in claim 16, wherein said water soluble epoxy compound has an equivalent 
weight ranging from about 87 to about 150. 

50 18. A method, as set forth in claim 17, wherein said water soluble epoxy compound is triglycidyi 
glycerol. 

19. A method, as set forth in claim 18. wherein said curative is selected from the group consisting of 
trialkanolamines having from 3 to about 15 carbon atoms. 

20. A method, as set forth in claim 19, wherein said trialkanolamine is triethanolamine. 
55 21 . A method, as set forth in claim 16, wherein said synthetic fiber is polyester. 

22. A method, as set forth in claim 21, wherein said water soluble epoxy compound is triglycidyi 
glycerol and said curative is triethanolamine. 
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23. A method, as set forth in claim 22, wherein said coating comprises from about 0.06 to about 3 
percent by weight. 

24. A method, as set forth In claim 16, including the further step of 

heating said fibrous member prior to said step of applying to a temperature sufficient to dry said 
5 member. 

25. A method of producing fibrous members having improved adhesion to vulcanizable rubber 
comprising the step of: 

applying to the fibrous member a coating comprising 
a water soluble epoxy compound and 
70 a curable having an active hydrogen wherein the stoichiometric ratio of said epoxy to said curative 

ranges from about 1:1 .2 to 1 :0.0003. 

26. A method, as set forth in claim 25. wherein said water soluble epoxy compound has an equivalent 
weight ranging from about 87 to about 150. * 

27. A method, as set forth in claim 26. wherein said water soluble epoxy compound is triglycidyi j 
.75 glycerol. 

28. A method, as set forth in claim 25, wherein said curative is selected from the group consisting of * 
trialkanolamines having from 3 to about 15 carbon atoms. 

29. A method, as set forth in claim 28, wherein said trialkanolamine is triethanolamine. 

30. A method, as set forth in claim 25. wherein said fibrous member is polyester. 



25 



30 



36 



40 



45 



50 



55 



